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ABSTRACT

The Engineering Development Section has, by request, submitted

a recommendation for tre design and oreration of a new settling basin
for removal of active sludges from plant wastes, Cxperimental work has
been carried out to determine the probable parformance of such a basin,
Important results are:

1,

3.
&o

5.

If a 35:1 dilution of the waste from %=6 (by-product waste) with
plant cooling water is made, one day's quiet settling should give
a 10-fold decontamination, and one week'!s settling possibly 20-
fold.

A 30-fold decontamination can be attained by percolation through
local soil, but percolation rates are very low,

A 35:1 dilution ratio is better than 100:1 or 150:1.

The basin actually installed departed somewhat from the reccmmenda-
tion and gives (as of July 14) a 4-fold decontaminstion, or a
maximm discharge from the plant of about 1-1/2 curies/day. The
safe 1imit has been set st 1 curie/day on a basis so conservative
that 1-1/2 curiss/day is not considered excessive. Therefore, no
changes in the installation or its operation are at present cone
templated by the Plant Division, .

The useful life of the installation will be limited by the‘ rate of
accumuietion of sludge in the basin. ‘A 1ife of 6 months or more
seems llkely under present conditioms.

e aa—
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INTRODUCTICON

Original plans for the operation of the separation area called
for complete retention of the by-product waste solutions as well as the
metal waste. Tanks were provided for a few years hold-up based on ths
lantharum fluoride deconmtamination process, However, by-=product sepa-
ration was started with bismuth phosphate precipitation giving much
larger volumes of waste solutions.

No commensurate expansion of storage facilities was undertaken
since by that time i1t was considersed feasible to dilute the waste solu-
tion with vate:(' ?sed for cooling cell vessels and dispose of the mixture
off the planmt,'l’) The tanks alrsady built would have enough capacity to
allow 20=-fold decay of the activity so that the plant flow could be
d1luted to below the tolerance level of ~1071l watts/ce (0,1 r/24 hours
for a completely irmersed body) using water at the rate of 250 gpm., The
cooling water flow was between 200 and 500 grm so that adequate dilution
was available, This water was being used for diluting mild activity
from floor washings and final decontamination steps and was monitored
in the east and west ponds (Fig, 1) before discharging to tte White Oak
Creek drainage system,

g%sposal of the oldest by-product waste by dilution was begun
March 6{2) ard continued until April 27, 1944 (Flowsheet dotted lines,
Figure 1}. During this period, it was observed that dilution caused
the formation of a gelatinous precipitate which settled out to a certain
extent in the ponds., Analyses showed that a large part of the activity
was in the precinitate and that the mud in Yhite Oek Creek and Reservoir
was accumulating activity., "hen eccumlation was stopped, it had not
reached a dangerous level, but rossibly would have done so if allowed to

cortinue,

An immediate solution to tre problem of handling the activity was
required since the last of the four by-product waste tanks (75, W6, W7,
18 {Fig. 1)) would be full early in July and since one of these would
have to be emptied again by the middle of September in order to receive

metal waste,

It was apparent that some decontamination system would have to be
used since additional tanks for concentrated waste could not be built in
time. The precipitate formed on dilution could be retained or chemicals
added to the storage tanks for carrying down activity in a preeipitate,
For 10 days during April, CaCls, was added to 775 at the rate of 500 lbs,
por day (.04% of total weight in tank per day); the effluent from this
tank had been reduced to 40% of }ti formsr activity and the effluent from
6 to 707 of its original valueil),




It should be emphasized that the average activity of the waste
discharged during this period was witlir the accepted activity tolerance;
only the wmamticipated precipitation (and hence concentration) of the
activity in the creek bed caused concern, Tt #as evident that some means
of retaining this rnrecipitate within the plant area would be a good answer
to the problem, and a sedimentation system through which the diluted waste
would pass was hurriedly desigmed. The follo—ing data were available at
this time,:

(1) the precipitate formed is 3% by volume water used for dilution using
70-fold dilution and 24 hour settling time. ,

(2) the quantity of precipitate formed is proportional to the quantity of
cooling water used as diluermt. (No upper limit given,)

(3) the activity in the supernste fram settling tests va, dilution is

Dilution (fold) 70 35 U 7
Activity (% of initial) 12 12,5 15,9 29,2
(4) the waste discharged is about 5000 gallons per day. ‘
(5) the rate of plant cooling water discharge is about 500,000 gpd.

Since little improvement in decontamination could be expected by
increasing the dilution about 35-fold and since more space for precipitate
-ould have to be provided if dilution were increased, it was decided that
dilution should be set at 35=-fold.

On May 5, accordingly, lir, Feyder of the Froject Engineers® Office
mag given the following proposal for his guidance in carrying out the Fro-
Ject requested in this correction by the Plant Division:

(1) Construetion of a 1,000,000 gallon settling pond to be used in series
alternately with the present 200,000 gallon vonds.

(2) Construction of a 300,000 gallon sludge storage basin with cover for
receiving sludge from & 200,000 gallon pond not in series at the time
with the proposed settling pond,

(3) A by-pass on the cooling ~ater line to control the amount of dilution.

Figure 5 shovs the proposal in more detail,

The scheme finally adopted differs from this proposal in that the
capacitiss of the two basins were combined to give one deep basin into which
the diluted waste flows directly from tre point of mixing., Operation using
uncortrolled dilution was begun July 2 jetting about 4000 gallons yer day
from W6, Begimming on the 5th, the flow was increased to 10,000 gallons a
day. The complete opsration is shown by the flewsheet, solid lines, Figure 1.
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The rew basin has been monitored at the diversion box end at sach
of the 5 discharge pipes every 4 hours since July 6. Figure 2 is a record
of the activities st the diversion box ard of the average of the values at
the dischargse pipe up to July 4. Little variation in flo~ is found from
pips to pipe. The diversion box values average about 330 counts per cc
ror minute as they should for a 776 flow rate of 10,000 gallons per day
diluted with 900,000 gallons of cooling water per day, Istimates place
the diluent flow rate between 500,000 and 900,000 gallons per day (350 and

600 gmm).

Discharge activity may still be increasing, For the 13th and 14th,
it was in the region of 80 coumts per cc per minute showin~ a basin per-
formance of A4-fold. Using this factor, a maximm of about 1-1/2 curies
per day are being discharged to hite Oak Creek ar a 1{5‘?19 higher than
the 1 curie considered probsbly safe by J, G. Hamilton'’’/. (See Appendix

A). \

Tests for an immediate solution of the problem of decontaminating
the waste are considered complete, R. S. Apple and M, D, Peterson report
that over-all factors ?Z )twenty very probably can be obtained by addition

of I or less of CaCl,'4/. The Enginecering Development Section has found
that with proper dilution at least 10-fold decontamination can be realized

even without CaCl, addition., These factors would result in less than 1
curie a day in the effluent from the plant.

The desirability of a program to devise a more permanent means of
waste disposal for Clinton is not clear, in view of the uncertainties
surrounding plant operation here six months hence, However, if such a
program is desirable, it should be started now, '

In comeoction with estimatine the probable performance of the new
basin, the Engineering Development Section has performed a series of tests
to find (1) the average properties of the precipitates formed from cooling
water obtained over a period of time, (?) the effect of various clays as
coasgulants, (3) the change in the collofdal nature of the precipitate with
degree of dilution, (4) the ability of lceal soil to hold activity if seep-
ape from the basin occurs. These tests ars reported below.
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SETTLINC 2ATE TESTS

Standard Tesgts

Tests wore performed once or twice a ~eek from flay 5 to July 2
in order tc average variations in decontamiration and amount of preci-
ritate resulting from changes in cooling water, The tests also served
the vurpose of discovering the effects of unusual water conditions such
as turbidity. The amount of cooling water added was fixed at 35 times
the amount of solution since, as indicated previously, 1little improvement
in removal of activity occurs at greater dilution.

The tests were performed as follows: Cooling water from the in-
fluent to East Pond was mixed with solution from the surface of W6 liquid
in the ratio of 35 to 1 and immediately poured into six 50 to 60 mm glass
columns, 4 feet high. One composite samole above the one foot level was
taken from each of the columns at times 1, 2, 4, 8, 24, and 168 hours
after £111ing. An aliquot (50 cc) of the 500 cc sample was submitted to the
Analy tical Division for a total beta count,

The rate of "settling” of the activity is plotted on Figure 3
(Appendix}. Alt-ough the results of the tests differ widely when campared
at times up to several hours, they proup closely later to indicate an
average of 10-fold decontamiratior after 1 day settlin~ time, The points
for tests begun on May 12 and 17 fall near 2 perallel straight lines sug-
gestirg about 20-fold decontaminatior after 1 week's retention time, The
run begun May 15 with turbid cooling water obtained after & heavy rain
shows better decontamination than the other runs only for short settling

: times (curved line, Figure 3),

All of the precipitates had about the same gelatinous character,
not unlike A1(OH);, Immediately uvon dilution, the liquid became slightly
milky, After about 30 seconds, flocculation was discernible and the preci-
pitate began to settle although the milky, or hazy, appearance persisted
for 30 to 60 minutes. Settling —as unhindered, the flocs gradually thimning
out over a period of roughly 2 hours, In all the tests, some of the perticles
stuck to the walls of the columns but were loosened when the liquid level

in the column was lowersd.

An unusual situation developed during the test begun on May 31.
The flocs were seen to have occluded small air bubbles gbout the size of
those formed while filling tre columns. After about an hour, the bulk of the
precipitate had settled forming about € of the volume in the column; some
fiocs, however, were floating on the surface. They were still floating at
+he 8 hour samplinpg time, but the setiled portion had compressed to less
than 2 percsnt of the total volume,
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The average amount of precivitate formed was 29 of the total
volume, Except for the very light precipitates obtained around Jure 1,
the volume decreased very littls after the bulk of the flocs had settled,

Tests with Additives

Three tests were made with possible coagulants in the hopes of
improving settling rate and/or decontamination. The procedure was as
folllows: tap water in 105E Building was mixed —ith clay or mud before
the 76 solution was added; one run was made —ith bentonite added, another
with kaolinite and a third with mud used in seepapge tests, Six columns
wore filled and sampled as in the standard tests. The results shown by
symbols B, K, and ¥ on Figure 3 are typical of other runs at 35 to 1
dilution. These rather exploratory experiments showed no outstanding
improvement in decontamination due to the use of these sdditives, The
use of mud was suggested because nearly 30-fold overall decontamination
was realized in seepage tests. Obvicusly more mud and longer contact
time than —as cobtained in the column must be secured for this good decon=-

tamination,

Dilution Tests

Cne set of tests at various dilutions was performed to show how
the collcidal properties of the precipitste changéd and to confirm that
the amount of precipitate increases with dilution, Tap water in 105E
Building was used for 35, 100, and 150 to 1 dilution. Two colvmns were

filled ~ith each mixture for sampling at 24 and €0 hours,

Decontamination did not vary significantly between the two samp-
ling times. For the 35 to 1 dilutior the factor was 10 to 1l-fold and
for the greater dilutions, it varied between 5 to 7-fold. These latter
dilutions showed sbout 2/3 the volume of precipitate per column as for
the 35 to 1 which on a basis of a fixed amount of undiluted liquid means

2 to > times as much unpacked sludge.

Cbservation after filling the columns definitely established that
the greater dilutions give more colloidal mixture, especially at 150 to 1
ratio, For this dilution, the wilky appearance persisted for about 5 hours,
fine flocs were much in evidence the next day and the precipitate on the
walls did not loosen as the liquid level was lowered as always happened
with the precipltates at the 35 to 1 dilution. '




) OTHER TESTS

Compaction of Precipitate

The effect of height on the volume of precipitate was tested to
indicate what retention time may be expected in the new basin after
several months operation. Several layers were allowed to accummlate in
3 colums, one containing precipitates typical of the standard tests,
snother also containing the clay and mud additives, and a final column
using tap water as diluent for the precipitations. The percent decrease
in height is plotted as a function of the unpacked height on Figure 4.
The layers containing clays ard mx@ account for the higher percent for
the point farthermost from the line., This relationship probably holds
domn to 15 or 20%, The asymptotic value would be 57 assuming an unpacked
dénsity of 5 lbs per cu ft and a completsly packed density of 100 lbs per

cu ft, .

Seepage Tests

Seepage tests were made to find the activity of any solution es-
caping through the earthen walls of the basin, Some mud was dipped from
the southeast water table boring at the site of the new basin, For the
first test, a bed 0.4 cm thick was formed on & No, 1 filter paper in an
8" Bickner funnel, Filtrate from a slurry formed by 35 to 1 dilution was
added and suction applied., Seepape was collected in 150 to 500 cc por-
tions and a 50 cc aliguot of each analyzed for total beta counts. A
second test was run in like manner with a 1.5 cm bed of the same mud.

An average overall decontamination of 30-fold was found for a
volume throughput 10 timss the bed volume. Cracking of the bed prevented
finding the volume throughrut for saturation, There was little evidence
of increased leakage at the end of the tests,

Seepage was imperceptible unless suction was applied. The flo~
rate obtained by nearly 700 mm of differential pressure was still very low,
corresponding to 0,03 cm vrer day for a gradient of 1 ecm of water per cm

of soil,
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PERFORMANCE F IEY BASIN

Presert Operation

As stated in the Introduction, vrresent operation of the new basin
is giving roughly 4-fold decontamination, Dilution is 90-fold or more and
rotention time in the basin is of the order of 1-2/3 to 2 days, Then the
tanks have been emptied, the dilution will increase at fixed cooling water
fZow to give a more colloidal precipitate, but the same retention time H
it is exrected that there will then be poorer decontamination,

As precipitate accumulates the retention time will decrease and
arain the decontamination may be affeected adversely. After six months,
it is probable that between 1 and 1.5 ft of precipitate will have formed
cutting the retertion time to some~hat over 1 day for a flo~ of 900,000

pel/day. The vresent basin discharpe of 1-1/2 curles maximum may be ex-
pected to rise to around 2 curies when a1l the Call, treated solution has

been emptied from 75 and W6 so that decontamination will become more ime
portant, .

Controlled Dilution

Controlled dilution at 35 to 1 would be expected to give 10-fold
decontamination during the period when 10,000 fallons are being diluted
each day and possibly 20-fold when the necessary rate of disposal has
dropped to around 5,000 gallons rer day., The retention times would be 3
to 4 days at first, and 6 to 7 at the lower flow. The sludge formed will
occupy about the same volume as for the greater dilutions because of the
variation in packing of prescipitate urder its om waight,

Conclusions

l'ecause of very low seespage rates, no trouble should be anticipated
from lsakage of activity through sides of the basin,

Ca012 treatment and/ar dilutior ccntrol should be provided to give
& larger margin of safety in disposing of active, non-metal waste,
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Taste Compositions, Activities., and Permissible Discharge

Jaste Compositiong: The ronemstal chemical wastes are made up of
*he waste solution from the aluminum coating removal, the solution
o7 the two bismuth rhosrhate by-nroduct precipitates, the waste super-
natants from bo*h the bismuth phosvhate and the lanthanum fluoride
product precinitates in the cells and the various wastes frem the
rroduct concentration sters in Room D." {2) Chemical analysis of the
precipitate formed on dilution 1s as follovs:

Calcium as Ca0 - 3.87; iron as Fey03 = 2.07; alumimm

as Al,03 - 12,57; silicon as Si0, = 677; magnesium as

¥gO -72,1%; PO;,""" - 0.4%; and F= - 26%(Reference 2),

Activities: These wastes contain about 107 of the fission activity,
equal to 108 curies, based pr a hatch of one~third of a tor of metal
containing 1 gram of product made in 100 day= and cooled AQ days,

7ith 20-fold cooling ir the storape tarks ard 1.2 days per batch, the
activity to the new basin would be 4.5 curies rer day in 4,700 pallons,
Actualily, around 5.7 curies in 10,000 pallons are being discharped per
day based on 30,000 counts per cc per minute for W6 solution, This 5.7
value is about 607 of what it would be if the activity had decayed
20=-fold in the tanks, The additional decontamination can be accounted
for by the CaCly treatment in ™5 and 76 during April.

The specific activities in the ™6 solution have been analyzed
using a sample drawn from the surface of the tank on May 15(5), Another
semple of W6 waste was diluted with 35 parts ?f plant water end the
resulting rrecipitate and supernatant analyzed 4). The results are
reproduced below.,

Distribution of Activity

Element Y6 Soiutiom Precipitate Supernate
Beta Gamma Beta Gamma Bete Gamma
Cb 5% 3% 78 48% 127 88t
Ce 21 0 46 0 7 o /
Cs 3 0 0.3 0 16 0
Ru 8 3 0.6 0 58 i0
Sr 1 - 2,3 ~ 0.9 0
Te 5 - 3.2 1.1 2 0.5
Zr 55 49 43 51 0.3 2
¥ 2 o= - = - -
la .5 i - - - -
Ba o2 - - = - -
Rare Zarths - 1 = - - -
Total: 01 93% 1028 108 577  101%
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_ For the 776 sample, the beta counts were taken at 30 mg/em®
assorber and for the other samnles at 50 mg/cm<,

Parmissible Discharpe: These analyses torether —ith others done at
Borkeley form the basis on which Dr, J. G. Hamilton has made his recom-
mendations for the permissible discharge of activities from the plant
and from the "hite Oak Creek drainage gsystem. Excerots from a letter
to Dr. Cantril!3) ars as follgvs:

"In view of the fact thet toth analyses of 76 wastes
done at the site ard here at Berksley shovw small anounts
of Sr, Te, Cs, and Ba topether ~ith the observation
here that none of these four elemerts are rresent in
significantly large quantities in the mud, it is my
opinion that tte tolerance problem is corafbrably sim-
plified, HNoreover, preliminery data ir hand indicate
that a very large proportion of the activity from these
four elements is presumably fixed on the clay which
should significantly reduce their absorption from the
digestive tract,"

"Taking all of these facts into consideration, it would
appear to me that the maximm daily amount of activity
that car be released into the creek can be increased

with safety to at least 250 millicuries & day and pro-
bably to one curis per day, Taking the higher figure

ard assuming & release of this quantity per day over a
period of twelve months a saturation value for Zr end Cb

: of aprroximately 150 curies would be reached at which time,
of course, the rate of loss of material by decay would be
balanced by the rate at which fresh activity is introduced
into the ecresek.

"I would feel that this higher level of 1 curie per day
would prove to be perfectly safe under the following con-
ditions: first, that the drainage ditches and Thite

Oak Creek be adequatsly fenced off and secordly, that

less than an average of 100 millicuries a day be discharged
from the mouth of the creek Into the Clinch River, I fael
this latter estimete is extremely conservative in view of
the fact that the averags rate of flow in the Clinch River
is 200 cu £t per second, This factor of dilution would give
a concentration of active material of the order of 2 x 10-10
curies per liter¥* ~hen active material was boing introduced
into the Clinch River at the rate of 100 mc per day,

*Tolerance is about ~10~0 curies per liter,
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Tt should be kept ir mind that under the worst possibie
conditions, on the basis of a curie rer day ocutput into
the Thita Oak Cresek, the maximue amount of all radicactive
material between the nonds and the Clinch Rivsr would be of
the order of 200 curies, It ssems to me exiremely immlikely
that a heavy flood would ve able to wash all of this acti-
vity doom into the Clinch River. However, should a floed
of such magnitude occur, the rate of flow of the Clinch
River would be so many times greater than the average 200
cu £t per second, that the active mud washed into it would

be adequatzsly diluted.®
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